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1
FAST FIRING METHOD FOR HIGH
POROSITY CERAMICS

BACKGROUND

1. Field

The present disclosure generally relates to firing green
ceramic bodies and, more specifically, to firing cordierite
green ceramic bodies.

2. Technical Background

Ceramic filters, particularly large frontal area filters,
include organic raw materials that should be removed in the
firing process. Such organic materials may be contained in,
for example, binders (Methocel, polyvinyl alcohol, etc.),
lubricants, dispersant, pore formers (starch, graphite, and
other polymers). These materials may be burned out in the
presence of oxygen at temperatures above their flash points.
Some of these materials are also removed as volatile organic
compounds (VOC) that are burned in a kiln and/or in an after
treatment apparatus, such as a thermal oxidizer. The decom-
position and/or oxidation of these materials usually release
heat and often influence shrinkage or growth of the material,
which may cause stresses and ultimately lead to cracking.

Conventional firing processes for large or heavy duty
ceramic bodies rely on firing cycles with slow heating rates,
such as 4° C./hr to 8° C./hr, when heating to a temperature
below 600° C. These low heating rates allow the raw organic
raw materials to be removed gradually and completely,
thereby reducing the stress in the ceramic material. How-
ever, firing cycles are prolonged by using these low heating
rates, as it may take up to 130 hours to heat the green
ceramic body to 600° C., and, as a result, the entire firing
cycle may take from 140 hours to 198 hours.

Accordingly, a need exists for a firing cycle with
increased heating rates, particularly heating rates up to 600°
C. that does not cause cracking in the ceramic body.

SUMMARY

According to one embodiment a method is described for
firing a green honeycomb ceramic body including heating
the green honeycomb ceramic body from room temperature
to a first temperature of about 300° C. The green honeycomb
ceramic body is then heated from the first temperature to a
second temperature of greater than or equal to about 800° C.
at a heating rate of greater than or equal to about 90° C./hr.
The green honeycomb ceramic body may have a diameter of
from greater than or equal to about 4.0 inches to less than or
equal to about 9.0 inches, and it may include a carbon-based
pore former in a concentration of from greater than or equal
to about 10% to less than or equal to about 45% by weight.

In another embodiment, a second method for firing a
green honeycomb ceramic body is described. The method
includes heating the green honeycomb ceramic body from
room temperature to a first temperature of greater than or
equal to about 800° C. at a heating rate that is greater than
or equal about 90° C./hr. The green honeycomb ceramic
body may have a diameter of from greater than or equal to
about 4.0 inches to less than or equal to about 9.0 inches, and
it includes a carbon-based pore former in a concentration of
from greater than or equal to about 10% to less than or equal
to about 45% by weight.

In each of the embodiments described above, oxygen
levels in the kiln may be controlled to improve operation of
the firing cycle. In embodiments, the amount of oxygen
present in the kiln may be at ambient levels or higher. In
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other embodiments, the amount of oxygen present in the kiln
may be below ambient levels.

Additional features and advantages of this disclosure will
be set forth in the detailed description which follows, and in
part will be readily apparent to those skilled in the art from
that description or recognized by practicing the embodi-
ments described herein, including the detailed description
which follows, the claims, as well as the appended drawings.

It is to be understood that both the foregoing general
description and the following detailed description describe
various embodiments and are intended to provide an over-
view or framework for understanding the nature and char-
acter of the claimed subject matter. The accompanying
drawings are included to provide a further understanding of
the various embodiments, and are incorporated into and
constitute a part of this specification. The drawings illustrate
the various embodiments described herein, and together
with the description serve to explain the principles and
operations of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 graphically depicts heating rates of four cycles
according to embodiments of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
firing cycles for firing green honeycomb ceramic bodies. In
accordance with embodiments, a method of firing green
honeycomb ceramic bodies includes heating the green hon-
eycomb ceramic body in a kiln in four stages. In embodi-
ments, the first stage comprises heating the green honey-
comb ceramic body from room temperature to a first
temperature of about 300° C. at one or more heating rates.
In the second stage the green honeycomb ceramic body may
be heated from the first temperature to a second temperature
at a heating rate greater than or equal to about 90° C./hr. In
the third stage the green honeycomb ceramic body may be
heated from the second temperature to a third temperature at
a third heating rate. In the fourth stage the green honeycomb
ceramic body may be heated to a maximum soak tempera-
ture and held for an amount of time sufficient to remove
residual carbon from the green honeycomb ceramic body.
The heating rates in the first, second, and third stages may
be the same or different. In embodiments, more than one
heating rate may be used in the first stage. In some embodi-
ments, the heating rates in the first and second stages may
vary depending on the size of the ceramic body that is being
heated and the amount of oxygen present in the kiln. Various
embodiments of firing cycles for firing green honeycomb
ceramic bodies will be described herein with specific refer-
ence to the appended drawing.

In embodiments, the cordierite of the ceramic body may
be a cordierite-type phase approximating the stoichiometry
Mg,AlL,SisO, 4. In certain embodiments, the cordierite may
have a coefficient of thermal expansion (25° C.-800° C.) of
less than about 15x1077/° C. In certain embodiments, the
body may have a porosity of 40%-70%. However, it should
be understood that embodiments of the method disclosed
herein may be used to fire any cordierite material.

In embodiments, the cordierite composition may have a
superaddition load of extrusion aids, binders, and pore
formers from about 10% to about 55% or even from about
15% to about 50%. The porosity of the formed ceramic body
is not particularly limited. In embodiments, the porosity of
the formed ceramic body may be from about 40% to about
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70%, or even from about 55% to about 65%. In embodi-
ments, the porosity of the formed ceramic body may be
about 63%.

The composition may include one or more carbon-based
pore formers. In embodiments, the pore formers may be
selected from starch, graphite, engineered polymeric mate-
rials, or mixtures thereof. In embodiments, the total amount
of pore former superaddition included in the composition
may be from greater than or equal to about 10% by weight
to less than or equal to about 45% by weight of the
composition. In some embodiments, the total amount of the
pore former may be from greater than or equal to about 20%
by weight to less than or equal to about 35% by weight of
the composition. In embodiments comprising a mixture of
starch and graphite, the starch may be included in the
composition in an amount from greater than or equal to
about 10% by weight to an amount less than or equal to
about 30% by weight of the composition, and the graphite
may be included in an amount from greater than or equal to
0% by weight to less than or equal to about 20% by weight
of the composition. However, it should be understood that
any combination of graphite and starch may be used accord-
ing to embodiments.

The weight percentages of the pore former are calculated
as superadditions with respect to the non-organic solids by
the following formula:

Weight of Pore Former
Weight of Non-Organic Solids

% 100.

As will be discussed below, the desired size of the
honeycomb ceramic body may affect the heating rates within
each of the three stages. In embodiments, lower heating rates
may be used on larger green honeycomb ceramic bodies, and
higher heating rates may be used on smaller green honey-
comb ceramic bodies. In some embodiments, multiple heat-
ing rates may be used in the first stage to help prevent
cracking green honeycomb ceramic body during that the first
stage of the process. In embodiments, the diameter of the
honeycomb ceramic body may be from greater than or equal
to about 4.0 inches to less than or equal to about 9.0 inches,
or even from greater than or equal to about 5.0 inches to less
than or equal to about 7.0 inches. In some embodiments, the
fired honeycomb ceramic body may have a diameter of
about 4.5 inches and a length of about 5.0 inches, or even a
diameter of about 4.5 inches and a length of about 7.0
inches. In other embodiments, the fired honeycomb ceramic
body may have a diameter of about 5.5 inches and a length
of about 7.0 inches, or even a diameter of about 6.4 inches
and a length of about 7.0 inches. In another embodiment, the
fired honeycomb ceramic body may have a diameter of
about 8.0 inches and a length of about 7.0 inches.

First Stage

In embodiments, the first stage of the firing method may
include heating a green honeycomb ceramic body from
room temperature to a first temperature of about 300° C. It
should be understood that, as used herein, room temperature
is not particularly limited and may include any ambient
temperature of the ceramic body and/or heating apparatus
prior to commencement of the first stage of the firing
method.

According to some embodiments, the first stage may
include one heating rate, and in other embodiments, the first
stage may include multiple heating rates. At least one
heating rate used in the first stage may be sufficiently high
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to avoid cracking of the honeycomb ceramic body. In
embodiments, at least one heating rate used in the first stage
may be greater than or equal to about 90° C.hr. For
example, in some embodiments a heating rate used in the
first stage may be greater than or equal to about 100° C./hr,
or even greater than or equal to 125° C./hr. In embodiments,
a heating rate used in the first stage may be less than or equal
to about 150° C./hr, or even less than or equal to about 125°
C./hr. In some embodiments, a heating rate used in the first
stage may be about 90° C./hr, about 125° C./hr, or about
150° C./hr.

As noted above, according to some embodiments, more
than one heating rate may be used in the first stage. Using
more than one heating rate in the first stage may allow for
better control of AT during the first heating stage. Thus,
particularly for large honeycomb ceramic bodies, using
multiple heating rates in the first stage may reduce the
amount of cracking in the ceramic body. According to such
an embodiment, the green honeycomb ceramic body may be
heated from room temperature to a temperature of from
about 150° C. to about 205° C. In embodiments, the green
honeycomb ceramic body may be heated from room tem-
perature to a temperature of about 200° C. In some embodi-
ments, the green honeycomb ceramic body may be heated
from room temperature to a temperature of from about 150°
C. to about 205° C. at a heating rate that is greater than or
equal to about 60° C./hr and less than or equal to about 80°
C./hr. In some embodiments, the green honeycomb ceramic
body may be heated from room temperature to a temperature
of from about 150° C. to about 205° C. at a heating rate of
about 70° C./hr.

The green honeycomb ceramic body may then be heated
from the temperature of from about 150° C. to about 205° C.
to a temperature of from about 215° C. to about 250° C. In
some embodiments, the green honeycomb ceramic body
may be heated from the temperature of from about 150° C.
to about 205° C. to a temperature of about 235° C. The green
honeycomb ceramic body may then be heated from the
temperature of from about 150° C. to about 205° C. to a
temperature of from about 215° C. to about 250° C. at a
heating rate less than or equal to about 20° C./hr. In some
embodiments, the heating rate for heating the green honey-
comb ceramic body from the temperature of from about
150° C. to about 205° C. to a temperature of from about 215°
C. to about 250° C. may be less than or equal to about 15°
C./hr, or even less than or equal to about 10° C./hr. In an
embodiment, the green honeycomb ceramic body may be
heated from the temperature of from about 150° C. to about
205° C. to a temperature of from about 215° C. to about 250°
C. at a heating rate less of about 8° C./hr.

According to embodiments, the green honeycomb
ceramic body may be heated from the temperature of from
about 215° C. to about 250° C. to the first temperature of
about 300° C. at a heating rate greater than or equal to about
90° C./hr. In some embodiments, the green honeycomb
ceramic body may be heated from the temperature of from
about 215° C. to about 250° C. to the first temperature of
about 300° C. at a heating rate from greater than or equal to
about 90° C./hr to a heating rate less than or equal to about
150° C.hr. In an embodiment, the green honeycomb
ceramic body may be heated from the temperature of from
about 215° C. to about 250° C. to the first temperature of
about 300° C. at a heating of about 125° C./hr.

As discussed in U.S. Provisional Patent Application Ser.
No. 61/775,027 entitled “Fast Firing Method for Ceramics”
and filed on Mar. 8, 2013, which is incorporated herein by
reference, the heating rate in the first stage may depend on
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the size of the honeycomb ceramic body that is being fired.
For example, small-sized honeycomb ceramic bodies may
be heated at high heating rates, while larger honeycomb
ceramic bodies may be heated at lower heating rates.
According to embodiments, using relatively high first stage
heating rates may promote crack-free firing. Heating rates in
the first stage may be very high in comparison to known
firing methods, such as the heating rates mentioned above.
These higher heating rates differ from conventional under-
standing, where such high heating rates may be expected to
cause cracking due to increased thermal gradients. Without
being bound to any specific theory, such high thermal
gradients may be reached without cracking because the high
heating rates in combination with low oxygen access (either
through low O, or reduced reaction time) may suppress
binder and pore former reactions that could lead to shrink-
age. Therefore, the impact of high thermal gradients may be
minimized due to low differential shrinkage. Additionally,
the high heating rates may also promote uniform reactions
through green bodies. At lower heating rates, green bodies
may show high oxygen reaction pathways for the skin
portion and low oxygen reaction pathways for the core
portions. This may also contribute to low differential shrink-
age within the green body during the first stage. Even if
cracking is avoided in the first stage, this does not eliminate
susceptibility to cracking in subsequent stages. Subsequent
stages may need to be managed through more conventional
means, such as different heating rates and O, level control.
Further, the size of the honeycomb ceramic body that is
being fired may be taken into account to help control
cracking and to modify heating rates

It should be understood that large temperature differen-
tials between the surface of a honeycomb ceramic body and
the core of a honeycomb ceramic body (AT) may increase
stresses and, thus, increase the likelihood that the honey-
comb ceramic body will crack. High stresses in the honey-
comb ceramic body may occur at kiln temperatures where
AT is at a maximum. However, stresses in the honeycomb
ceramic body may not be significantly large in the first stage
of the method for firing the honeycomb ceramic body and,
thus, high heating rates and thermal gradients may be used
in the first stage of the firing method without introducing
large amounts of stress which may ultimately crack the
body.

In embodiments, the maximum heating rate in the first
stage for a ceramic body having a diameter of less than or
equal to about 5.6 inches may be less than or equal to about
150° C./hr. In embodiments, the maximum heating rate in
the first stage for a ceramic body having a diameter of less
than or equal to about 8.0 inches may be less than or equal
to about 125° C./hr.

As noted above, heating rates in the first stage may
depend on the size of the honeycomb ceramic body that is
being fired. According to embodiments, using relatively
high first stage heating rates may promote crack-free firing.
Heating rates in the first stage may be very high in com-
parison to known firing methods, such as the heating rates
mentioned above. These higher heating rates differ from
conventional understanding, where such high heating rates
may be expected to cause cracking due to increased thermal
gradients. Without being bound to any specific theory, high
thermal gradients caused by the higher heating rates may be
reached without cracking because the high heating rates in
combination with low oxygen access (either through low O,
or reduced reaction time) may suppress binder and pore
former reactions that could lead to shrinkage. Therefore, the
impact of high thermal gradients may be minimized due to
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low differential shrinkage. Additionally, the high heating
rates may also promote uniform reactions through green
bodies. At lower heating rates, green bodies may show high
oxygen reaction pathways for the skin portion and low
oxygen reaction pathways for the core portions. This may
also contribute to low differential shrinkage within the green
body during the first stage. Even if cracking is avoided in the
first stage, this does not eliminate susceptibility to cracking
in subsequent stages. Subsequent stages may need to be
managed through more conventional means, such as differ-
ent heating rates and O, level control. Further, the size of the
honeycomb ceramic body that is being fired may be taken
into account to help control cracking and to modify heating
rates.

The oxygen level of the atmosphere within the heating
apparatus during the first stage may be kept low. Theoreti-
cally, using a high heating rate in the first stage may allow
higher amounts of oxygen to be present in the first stage of
the firing methods described herein compared to conven-
tional firing processes for honeycomb ceramic bodies. Rapid
heating of the green honeycomb ceramic body in the first
stage, according to embodiments, may not allow oxygen to
react with residual elements in the green honeycomb
ceramic body before the temperature of the green honey-
comb ceramic body reaches the temperatures of the second
or third stages. In embodiments, the amount of oxygen in the
atmosphere of the heating apparatus in the first stage may be
about 5% by volume to about 8% by volume. In some other
embodiments, the amount of oxygen in the atmosphere of
the kiln in the first stage may be about 6%, or even about 7%.
The amount of oxygen in the atmosphere of the kiln in the
first stage is generally lower than an amount of oxygen used
in a conventional firing processes for honeycomb ceramic
bodies.

Oxygen levels in the atmosphere of the kiln may be
controlled by any suitable means. In embodiments, the level
of oxygen in the atmosphere of the kiln may be modified by
injecting oxygen into the kiln. In other embodiments, the
level of oxygen in the atmosphere of the kiln may be
modified by using different types of setters. For example, in
embodiments, the setter may be composed of silicon car-
bide. In other embodiments, the setter may be composed of
the same material as the green honeycomb ceramic body that
is being fired. The geometry of the setter may also contribute
to the oxygen levels in the atmosphere of the kiln. For
example, in embodiments, the setter may be a solid plate
having any suitable thickness. In other embodiments, the
setter may be a plate having holes formed therein; the holes
may be present in any suitable number or any suitable
geometry. In yet other embodiments, the setter may be ring
shaped. It should be understood that other setter composi-
tions and geometries may be used without deviating from
the scope of this disclosure.

Second Stage

In embodiments, the second stage of the firing method
may include heating the green honeycomb ceramic body
from the maximum temperature reached in the first stage to
a second temperature of greater than or equal to about 800°
C. In some embodiments, the second stage of the method
may include heating the green honeycomb ceramic body
from the maximum temperature reached in the first stage to
a second temperature that is less than or equal to about 1000°
C. In some other embodiments, the second stage of the firing
method may include heating the green honeycomb ceramic
body from the maximum temperature reached in the first
stage to a temperature of about 900° C.
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The heating rate in the second stage may depend on the
size of the honeycomb ceramic body that is being fired. As
previously discussed, larger honeycomb ceramic bodies may
likely have a larger AT, while smaller honeycomb ceramic
bodies may likely have a smaller AT at an identical heating
rate. Although stresses and AT in the honeycomb ceramic
body may be higher in the second stage than in the first
stage, stresses and AT may not be significantly large in the
second stage and, thus, relatively high heating rates may still
be used in the second stage of the firing method according
to embodiments, particularly when smaller-sized honey-
comb ceramic bodies are being fired. In embodiments, the
heating rate in the second stage may be greater than or equal
to about 90° C./hr. In embodiments, the heating rate in the
second stage may be less than or equal to about 150° C./hr,
or even less than or equal to 125° C./hr. In other embodi-
ments, the heating rate in the second stage may be about 90°
C./hr, or even about 125° C./hr. In some embodiments, the
heating rate in the second stage may be about 150° C./hr.

In embodiments, the maximum heating rate in the second
stage for a ceramic body having a diameter of less than or
equal to about 5.6 inches may be less than or equal to about
150° C./hr. In embodiments, the maximum heating rate in
the second stage for a ceramic body having a diameter of
less than or equal to about 8.0 inches may be less than or
equal to about 125° C./hr.

The heating rate in the second stage may be the same as
the maximum heating rate in the first stage. Accordingly, the
amount of oxygen in the atmosphere of the kiln during the
second heating stage is not particularly limited, and may be
set to ambient conditions. In embodiments, the amount of
oxygen in the atmosphere of the heating apparatus during
the second stage may be from about 4% to about 15% by
volume, or even from about 7% to about 13% by volume. In
some embodiments, the amount of oxygen in the atmosphere
of the heating apparatus during the second stage may be at
the maximum set point of the heating apparatus, which may
be below ambient conditions.

In embodiments, the heating rate in the second stage may
be the same as the maximum heating rate used in the first
stage. Accordingly, in embodiments where a single heating
rate is used in the first stage, the heating rate in the second
stage may be the same as the heating rate in the first stage.
In such embodiments, the green honeycomb ceramic body
may be heated from room temperature to a first temperature
that is greater than or equal to 800° C. In some embodi-
ments, the green honeycomb ceramic body may be heated
from room temperature to a first temperature that is less than
or equal to about 1000° C., or even less than or equal to
about 900° C. In embodiments, the green honeycomb
ceramic body may be heated from room temperature to the
first temperature, which is greater than or equal to about
800° C., at a heating rate that is greater than or equal to 90°
C. In some embodiments, the heating rate may be less than
or equal to about 150° C./hr, or even less than or equal to
about 125° C./hr. In such embodiments, the amount of
oxygen in the second stage may be from about 4% to about
15% by volume, or even from about 7% to about 13% by
volume. In some embodiments, the amount of oxygen in the
atmosphere of the heating apparatus during the second stage
may be at the maximum set point.

Third Stage

In embodiments, the third stage of the firing method
described herein may include heating the green honeycomb
ceramic body from the maximum temperature reached in the
second stage to a third temperature. The third temperature
may be greater than or equal to 1050° C., or even greater
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than or equal to about 1100° C. In embodiments, the third
temperature may be about 1200° C.

The highest stresses in the honeycomb ceramic body and
the highest AT may occur within the temperature ranges of
the third stage. Thus, in embodiments, heating rates in the
third stage may be sufficiently lower than heating rates in the
first and second stages to decrease the rate of change in AT
and, thereby, reduce stresses that may cause cracking of the
honeycomb ceramic body.

The heating rate in the third stage may be sufficient to
remove carbonaceous material remaining in the green hon-
eycomb ceramic body after it has been heated to the second
temperature. In embodiments, the heating rate in the third
stage may be less than a heating rate used in the first and
second stages. In embodiments, the heating rate in the third
stage may be less than or equal to about 70° C./hr, or even
less than or equal to about 50° C./hr. In some embodiments,
the heating rate in the third stage may be greater than or
equal to 60° C./hr. In some embodiments, the heating rate in
the third stage may be less than or equal to about 25° C./hr,
or even less than or equal to about 20° C./hr. In some other
embodiments, the heating rate in the third stage may be less
than or equal to about 15° C./hr, including an isothermal
hold. In some embodiments where the heating rate in the
second stage is about 150° C./hr, the heating rate in the third
stage may be from greater than or equal to about 50° C./hr
to less than or equal about 70° C./hr, or even from greater
than or equal to about 60° C./hr to less than or equal to about
66° C./hr. In some embodiments where the heating rate in
the second stage is less than or equal to about 125° C./hr, the
heating rate in the third stage may be less than or equal to
about 50° C./hr, or even less than or equal to about 20° C./hr,
including an isothermal hold.

The size of the honeycomb ceramic body does not nec-
essarily affect the heating rate in the third stage, thus all sizes
of honeycomb ceramic bodies may be heated at the same
heating rate during the third stage. However, the heating rate
in the third stage may be lower for larger honeycomb
ceramic bodies than for smaller honeycomb ceramic bodies
to decrease a rate of change in AT, which, as discussed
above, may be larger for large honeycomb ceramic bodies.
For example, the maximum heating rate in the third stage for
a ceramic body having a diameter of less than or equal to
about 5.6 inches may be less than or equal to about 70° C./hr.
In embodiments, the maximum heating rate in the third stage
for a ceramic body having a diameter of less than or equal
to about 8.0 inches may be less than or equal to about 20°
C./hr.

The heating rate in the third stage may be at a low level
(i.e., at or below a heating rate in the first stage) such that,
as with the second stage, oxygen levels in the atmosphere of
the kiln in the third stage are not particularly limited and
may be at ambient levels. Accordingly, in embodiments, the
amount of oxygen in the atmosphere of the kiln during the
third stage may be from about 5% to about 15% by volume,
such as from about 8% to about 13%.

Fourth Stage

In embodiments, the fourth stage of the firing method may
include heating the honeycomb ceramic body from the
maximum temperature in the third stage to a maximum soak
temperature. The maximum soak temperature may be
greater than about 1200° C. or even greater than about 1300°
C. In some embodiments, the maximum soak temperature
may be greater than about 1400° C. The honeycomb ceramic
body may be held at the maximum soak temperature for a
predetermined length of time. The duration of the hold at the
maximum soak temperature is not particularly limited and
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may be as long as required to form appropriate properties.
After it is heated to the maximum soak temperature, the
honeycomb ceramic body may be cooled to room tempera-

10

Further, the amount of oxygen used in each stage and the
amount of pore formers used is listed in Table 1. Each of
Examples 1-6 is a cordierite composition.

TABLE 1
Heating Rate Oxygen Level (%) Part
800° C. 300° C. Poros- Graph-
RT-300° C. 300° C.-800° C. and and 800° C. and ity Starch ite
Ex (° C./hr) (° C./hr) above below 300° C.-800° C. above Size (%) (%) (%)
1 90 90 800° C.-900° C.: 7 Ramp from Maximum  5.66" x 7" 63 26 16
90° C./hr 7 to 13 Setpoint  4.66" x 7"
900° C.-1200° C.:
14° C./hr
2 125 125 800° C.-1200° C.: 7 Ramp from Maximum  5.66" x 7" 63 26 16
14° C./hr 7 to 13 Setpoint
3 125 125 800° C.-900° C.: 8 Maximum Maximum  5.66" x 7" 63 26 16
125° C./hr Setpoint Setpoint 8" x 7"
900° C.-1200° C.: 4.66" x 7"
14° C./hr
4 150 150 800° C.-1000° C.: Maximum Maximum Maximum  5.66" x 7" 50 10 0
150° C./hr Setpoint Setpoint Setpoint
1000° C.-1200° C.:
66° C./hr
5 150 150 800° C.-1000° C.: Maximum Maximum Maximum  5.66" x 7" 50 10
150° C./hr Setpoint Setpoint Setpoint
1000° C.-1200° C.:
66° C./hr
6 RT- 125 800° C.-900° C.: 7 Ramp from Maximum  5.66" x 7" 55 18 5
200° C.: 125° C./hr 7 to 13 Setpoint 8" x 7" 63 26 16
70° C./hr 900° C.-1200° C.: 4.66" x 7"
200° C.-235° C.: 14° C./hr 4.66" x 5"
8° C./hr
235° C.-300° C.:
125° C./hr

ture at ambient conditions. This cooling may be conducted
by removing the honeycomb ceramic body from the heating
apparatus, or by allowing ambient air to flow in and/or
through the kiln.

For the purposes of describing and defining the embodi-
ments herein, it is noted that the terms “substantially” and
“about” are utilized herein to represent the inherent degree
of uncertainty that may be attributed to any quantitative
comparison, value, measurement, or other representation.
The terms “substantially” and “about” are also utilized
herein to represent the degree by which a quantitative
representation may vary from a stated reference without
resulting in a change in the basic function of the subject
matter at issue.

As used herein, when directed to a measurement in
inches, the term “about” may include the stated measure-
ment *0.25 inches.

References herein to temperatures and heating rates refer
to the atmospheric temperature within the heating apparatus.
As used herein, when directed to temperatures, the term
“about” may include the stated temperature +10° C.

As used herein, when directed to heating rates, the term
“about” may include the stated heating rate £10%.

EXAMPLES

Embodiments will be further clarified by the following
examples.

Examples 1-6
In the examples below, cylindrical honeycomb ceramic

bodies having diameters indicated in Table 1 below are
heated in a kiln at heating rates as indicated in Table 1.
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Each of the honeycomb ceramic bodies formed in accor-
dance with the parameters shown in Table 1 above was fired
without substantial cracking and at fast firing rates. The
firing cycles shown in Table 1 are depicted graphically in
FIG. 1, where: Example 1 is depicted as Cycle 1; Examples
2 and 3 are depicted as Cycle 2; Examples 4 and 5 are
depicted as Cycle 3, and Example 6 is depicted as Cycle 4.

It will be apparent to those skilled in the art that various
modifications and variations may be made to the embodi-
ments described herein without departing from the spirit and
scope of the claimed subject matter. Thus it is intended that
the specification cover the modifications and variations of
the various embodiments described herein provided such
modification and variations come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A method for firing a green honeycomb ceramic body,
the method comprising:

heating the green honeycomb ceramic body from room
temperature to a first temperature of about 300° C.; and

heating the green honeycomb ceramic body from the first
temperature to a second temperature of greater than or
equal to about 800° C. at a heating rate of greater than
or equal to about 90° C./hr,

wherein the green honeycomb ceramic body has a diam-
eter of from greater than or equal to about 4.0 inches to
less than or equal to about 9.0 inches,

wherein the green honeycomb ceramic body comprises a
carbon-based pore former in a concentration of from
greater than or equal to about 10% to less than or equal
to about 45% by weight, and

wherein heating the green honeycomb ceramic body from
the first temperature to the second temperature com-
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prises a different heating rate than a heating rate during
heating the green honeycomb ceramic body from room
temperature to the first temperature.

2. The method of claim 1, wherein heating the green

honeycomb ceramic body from room temperature to the first 3

temperature comprises:
heating the green honeycomb ceramic body from room
temperature to a temperature of from about 215° C. to
about 250° C.; and
heating the green honeycomb ceramic body from the
temperature of from about 215° C. to about 250° C. to
the first temperature at a heating rate of greater than or
equal to about 90° C./hr.

3. The method of claim 2, wherein heating the green
honeycomb ceramic body from room temperature to the
temperature of from about 215° C. to about 250° C. com-
prises:

heating the green honeycomb ceramic body from room

temperature to a temperature of from about 150° C. to
about 205° C. at a heating rate of from greater than or
equal to about 60° C./hr to less than or equal to about
80° C./hr; and

heating the green honeycomb ceramic body from the

temperature of from about 150° C. to about 205° C. to
the temperature of from about 215° C. to about 250° C.
at a heating rate of less than or equal to about 20° C./hr.

4. The method of claim 1, wherein heating the green
honeycomb ceramic body from room temperature to the first
temperature comprises heating at a heating rate of greater
than or equal to about 90° C./hr.

5. The method of claim 1, wherein heating the green
honeycomb ceramic body from room temperature to the first
temperature comprises heating at a heating rate of from
greater than or equal to about 90° C./hr to less than or equal
to about 150° C./hr.

6. The method of claim 1, wherein heating the green
honeycomb ceramic body from the first temperature to the
second temperature comprises heating at a heating rate of
less than or equal to about 150° C./hr.
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7. The method of claim 1, wherein the second temperature
is about 900° C. and the green honeycomb ceramic body is
heated from the first temperature to the second temperature
at a heating rate of from greater than or equal to about 90°
C./hr to less than or equal to about 125° C./hr.

8. The method of claim 1, wherein

the second temperature is less than or equal to about

1000° C., and

the method further comprises heating the green honey-

comb ceramic body from the second temperature to a
third temperature of greater than or equal to about
1050° C. at a heating rate sufficient to remove carbo-
naceous material remaining in the green honeycomb
ceramic body after it has been heated to the second
temperature.

9. The method of claim 8, further comprising:

heating the green honeycomb ceramic body from the third

temperature to a top soak temperature;

holding the green honeycomb ceramic body at the top

soak temperature; and

cooling the green honeycomb ceramic body from the top

soak temperature to room temperature to form a
cordierite ceramic body.

10. The method of claim 8, wherein the green honeycomb
ceramic body is heated from the second temperature to the
third temperature at a heating rate of less than or equal to
about 20° C./hr.

11. The method of claim 8, wherein the green honeycomb
ceramic body is heated from the second temperature to the
third temperature at a heating rate of greater than or equal to
about 60° C./hr.

12. The method of claim 1, wherein an oxygen content of
an atmosphere present during heating of the green honey-
comb ceramic body from room temperature to the first
temperature is from about 5% to about 8%.

13. The method of claim 1, wherein an oxygen content of
an atmosphere present during heating of the green honey-
comb ceramic body from the first temperature to the second
temperature is from about 7% to about 13%.
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